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POTASSIUM CORROSION TEST LOOP DEVELOPMENT 
I .  INTRODUCTION 
This report covers the period, from October 15, 1965 to January 15, 1966, 
of a program to develop a Prototype Corrosion Test Loop for the evaluation of 
refractory alloys in boiling and condensing potassium environments which 
simulate projected space electric power systems. The prototype test consists 
of a two-loop Cb-1Zr facility; sodium is heated by direct resistance in 
the primary loop and used in a heat exchanger to boil potassium in the secondary 
corrosion test loop. Heat rejection for condensation in the secondary loop 
will be accomplished by radiation in a high-vacuum environment. The immediate 
corrosion test design conditions are shown below; it is expected that the 
temperature could be increased by about 400°F when testing is extended to include 
refractory alloys stronger than Cb-1Zr. 
1. Boiling temperature, 1900°F 
2. Superheat temperature, 2000°F 
3. Condensing temperature, 1350°F 
4. Subcooling temperature, 800°F 
5. Mass flow rate, 20 to 40 lb/hr 
6. Vapor velocity, 100 to 150 ft/sec 
7 .  Average h at flux in the potassium boiler - 50,000 to 100,000 
BTU/hr ft 5 
The development program includes the construction and operation of three 
Cb-1Zr test loops, each of which are being used in a s equence of component 
evaluation and endurance testing. Loop I ,  a natural convection loop, has been 
operated for 1,000 hours with liquid sodium at a maximum temperature of 2260°F 
to 2380°F to evaluate the electrical power vacuum feedthroughs, thermocouples, 
the method of attaching the electrodes, the electrical resistivity character- 
istics of the heater segment, and the use of thermal and electrical insulation. 
Loop 11, a single-phase sodium, forced-circulation loop to evaluate the primary 
-1 - 
loop EM pump, a flowmeter, flow c o n t r o l  and i s o l a t i o n  valves,  and pressure  
t ransducers ,  has completed 2,650 hours of scheduled t e s t i n g .  This loop w a s  
operated a t  a maximum temperature of 2065OF and a pump i n l e t  temperature of 
1985'F. The Prototype Corrosion T e s t  Loop, a two-loop system, inc ludes  a 
b o i l e r ,  t u rb ine  s imula tor  and condenser i n  a d d i t i o n  t o  t h e  above components. 
This f a c i l i t y  w i l l  be used t o  develop and endurance test (5,000 hours) t he  
components required t o  achieve s t a b l e  ope ra t ion  a t  the  cor ros ion  test design 
cond it ions .  
The progress r e p o r t s  and the  t o p i c a l  r e p o r t s  which have been i ssued  on 
t h i s  program a re  l i s t e d  a t  t he  rear of t h i s  r epor t .  Addit ional  t o p i c a l  
r e p o r t s  w i l l  be published which cover the  a l k a l i  metal p u r i f i c a t i o n  and 
handling, and the  design, opera t ion  and eva lua t ion  of t h e  Component Evaluation 
Loop tests and the Prototype Corrosion Loop Test .  
I 
-1 
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11. SUMMAlZY OF PROGRESS 
An a d d i t i o n a l  2,024 hours of t e s t  opera t ion  of t h e  Prototype Corrosion 
Loop w a s  completed during the  pas t  qua r t e r .  
5,000-hour test w a s  completed at 0800 on January 8 ,  1966 when a pressure  rise 
i n  t h e  test chamber necess i t a t ed  a test shutdown. The pressure  rise re su l t ed  
from stress-corrosion cracking of one of t h e  s t a i n l e s s  steel water cool ing 
channels of t h e  test chamber w a l l .  The problem has  been solved by i s o l a t i n g  
the "cracked" channel, s e a l i n g  t h e  cracks and pumping on t h i s  channel w i t h  an 
independent vacuum system. 
on or about January 20, 1966. 
A t o t a l  of 3,809 hour8 of the 
The loop w i l l  be restored t o  the  test condi t ions 
During opera t ion  the loop continued to  perform i n  an extremely stable 
manner w i t h  no s i g n i f i c a n t  short t i m e  changes or long t i m e  d r i f t  i n  pressures ,  
temperatures or flow. 
pressure  drop between the potassium pump and t h e  preheater  were required.  
addi t ion ,  no s i g n i f i c a n t  change i n  the pressure  drop across t h e  metering valve,  
p rehea ter  and boiler w a s  detected. 
No adjustments i n  the metering valve t o  alter t h e  
I n  
-8 
The pressure  i n  the  vacuum chamber has  decreased from 2.8 x 10 t o  
-8 
2.1 x 10 t o r r  during t h e  last 2,024 hours of the test. 
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111. PROGRAM STATUS 
A. P R o ~ T y P E  CORROSION IMlP OPERATION 
The Prototype Corrosion Loop completed an additional 2,024 hours of 
operation during the last quarter. As of January 15, 1966, 3,809 hours of 
test operation had been completed. 
Loop operation during this period continued to be extremely stable with 
no significant fluctuations in pressure, temperature or flow in the two-phase 
potassium circuit during normal operation. The most important test conditions 
are summarized in Figure 1 which is data taken after 2,200 hours of operation 
and is typical of the loop conditions during the entire test as no significant 
drift or change of any of the temperatures o r  flow in either the sodium or 
potassium circuits has been detected. An analysis of the boiler performance 
after 259 hours of operation was given in the previous progress report'l) and 
the performance has not changed significantly during the subsequent 3,550 hours 
of operation. 
brief periods occurred during the last quarter.and these events are discussed 
below. An extended discussion of the test shutdown on January 8 ,  1966 which 
was necessitated by a water-to-vacuum leak in one of the test chamber cooling 
channels will be given in Section B of this report. 
?t Several minor incidents" which affected loop operat ion for 
On October 16, 1965 at 0800, the electrical power to the test area was 
interrupted momentarily as the result of a transformer changeover at the main 
power sub-station of the plant. The drop in line voltage was sufficient to 
activate the loop safety circuits which turn off power to the loop heaters 
and EM pumps. The power was turned back on immediately and the loop returned 
to its steady state test conditions within 30 minutes. Manual re-start is 
desirable in restoring power to loop circuits following activation of the safety 
circuits in order to avoid large current surges to the loop heaters and to 
restore stable loop operation in the minimum of time. 
(I) Potassium Corrosion Test Loop Development, Quarterly Progress Report No. 9 
for Period Ending October 15, 1965, NASA Contract NAS 3-2547, NASA-CR-54912, 
p. 37. 
PRECEDING PAGE BLANK NOT FILMED. 
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Figure 1. Prototype Corrosion Loop Test Conditions. 
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Fluc tua t ions  i n  t h e  get ter- ion pump cur ren t  w e r e  recorded  on November 19 
f o r  approximately 6 hours.  These f l u c t u a t i o n s  were a t t r i b u t e d  t o  t h e  forma- 
t i o n  of a t i tanium 
s h o r t i n g  out  of t h e  anode of t h e  ion pump element. 
re-occur during the  remainder of  t h e  repor t ing  per iod .  
19  f lake" or "whisker" which r e su l t ed  i n  i n t e r m i t t e n t  
This problem d i d  not  
A momentary loss of e l e c t r i c a l  p o w e r  t o  t h e  test area on November 26, 
during an electrical storm,resulted i n  t h e  a c t i v a t i o n  of t h e  s a f e t y  c i r c u i t s  
of t h e  loop test system. 
r e s to red  by t h e  opera tor  on duty and t h e  loop w a s  back t o  t h e  s teady state 
test condi t ions  i n  less than f i v e  minutes. During t h e  inc ident  the potassium 
b o i l e r  o u t l e t  temperature dropped f rom the  normal 2000'F t o  a minimum of  
1980 OF. 
Power t o  t h e  loop hea te r s  and EM pumps w a s  
During the qua r t e r  no adjustment of t he  metering valve w a s  made. This 
valve i s  located between the  potassium pump o u t l e t  and the  prehea ter  i n l e t .  
A d i scuss ion  of changes and adjustments of t he  metering valve dur ing  the  
first 1,785 hours of loop operat ion w a s  included i n  t h e  previous q u a r t e r l y  
report"). During t h e  test period from 1,785 hours t o  3,809 hours of loop 
opera t ion , the  pump o u t l e t  p ressure  and  the  t o t a l  pressure drop across t h e  
metering valve,  p rehea ter  and bo i l e r  have not var ied s i g n i f i c a n t l y .  "he 
pump o u t l e t  pressure has been i n  t h e  range 130.5 t o  134.0 p s i a  and t h e  pres-  
s u r e  drop across  the  valve,  preheater  and b o i l e r  i n  the  range 29.7 t o  36.7 
p s i  during t h i s  period. "here has been no t rend i n  t h e  pressure  drop which 
would suggest a bui ld  up of a r e s t r i c t i o n  i n  the  flow annulus around t h e  
L 
metering valve plug, which has  a minimum c ross  s e c t i o n a l  a r e a  of 0.002 i n  . 
The pressure  i n  t h e  test chamber decreased from 2.8 x 10 to  2.1 x 10 -8 -8 
t o r r  during t h e  2,024 hours of loop opera t ion  which w a s  completed i n  t h e  last 
qua r t e r .  No s i g n i f i c a n t  change i n  t h e  r e l a t i v e  concentrat ions of t h e  ind i -  
v idua l  gaseous spec ies  has  occurred dur ing  t h e  r epor t ing  period. Argon 
(m/e-40) and nitrogen/carbon d i o x i d e  (m/e-28) continue t o  c o n s t i t u t e  t h e  
major po r t ion  of t he  r e s idua l  gases. 
(2) Potassium Corrosion T e s t  Loop Development, Quarter ly  Progress  Report N o .  9 
for  Period Ending October 15, 1965, NASA Contract NAS 3-2547, NASAqR-54912, 
p. 22. 
The argon i n s t a b i l i t i e s  i n  t h e  ge t t e r - ion  vacuum pump 
momentary pressure excursions i n  t h e  test chamber pressure  
a t  f a i r l y  regular t i m e  i n t e r v a l s  as shown i n  Table I .  The 
which cause 
continue t o  occur 
i n s t a b i l i t i e s  
continue t o  occur every 40 t o  70 hours,  and no trend i n  t h e  frequency of t h e  
i n s t a b i l i t i e s  i s  apparent.  A s  long as t h e  argon pressure  surges  do not exceed 
peak va lues  i n  t h e  10 t o r r  range, they are of no p a r t i c u l a r  s ign i f i cance  
s ince  the  argon flooding sys t em on t h e  chamber w i l l  only be a c t i v a t e d  a t  a 
pressure  i n  excess of 4 x 10 t o r r .  
B. TEST SHUTDOWN 
-6 
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A t  0800 on January 8, 1966, t he  Prototype Loop T e s t  w a s  shutdown af ter  
3,809 hours of continuous opera t ion  because o f : a  pressure  rise i n  t h e  vacuum 
chamber. The pressure  rose  r ap id ly  from t h e  normal l e v e l  of 2.1 x 10 torr  
t o  1.0 x 10 t o r r  i n  17  minutes. Since t h e  p re s su re  trace gave no ind ica-  
t i o n  of being an argon i n s t a b i l i t y ,  as f i r s t  suspected, the  tes t  engineer 
gave i n s t r u c t i o n s  t o  shutdown the  tes t .  The tes t  chamber pressure  and the  
temperatures o f  s eve ra l  of t h e  h o t t e s t  components dur ing  t h e  shutdown period 
are given i n  Table 11. I n  view of t h e  rap id  drop i n  t h e  temperature of  t h e  
sys t em,  t h e  p r o t e c t i v e  wrapping of Cb-1Zr i n s u l a t i n g  f o i l  on t h e  loop compo- 
nents,  and the chamber pressure  l e v e l s  dur ing  t h e  shutdown period, i t  i s  
concluded t h a t  no s i g n i f i c a n t  contamination of loop components occurred dur ing  
t h i s  period. The p a r t i a l  p ressure  a n a l y s i s  system on t h e  chamber a i d e d  i n  
loca t ing  the source of t h e  pressure  rise as inc reases  i n  t h e  water vapor peak 
(mass/charge-18) were noted following t h e  tes t  shutdown. 
-8 
-6 
A complete desc r ip t ion  of t h e  test  shutdown a n d  t h e  examinations which 
were performed t o  determine t h e  na tu re  and ex ten t  of t h e  cracking of t h e  test 
chamber water cooling channels i s  given i n  t h e  Appendix Sec t ion  of t h i s  r epor t .  
Following r epa i r  of t h e  cracked cooling channel t h e  loop test i s  scheduled t o  
be r e s t a r t ed  on o r  about January 20. 
-8- 
TABLE I.  PR;ESSURE SURGES I N  THE PROTOTYPE LOOP TEST CHAMBER 
RESULTING FROM ARGON INSTABILITIES I N  THE GETTER-ION PUMP 
Hours of 
Ope rat ion 
h o p  
1840 
1913 
2037 
2090 
2141 
2183 
2260 
2325 
23 73 
2424 
2478 
2552 
2600 
2653 
2727 
2748 
2848 
2919 
2975 
3040 
3119 
3175 
3239 
3299 
3368 
3472 
3539 
3603 
3661 
3719 
3785 
Date 
10-18-65 
10-21-65 
10-26-65 
10-28-65 
10-30-65 
11-1-65 
11 -4 -65 
11-7-65 
11 -9 -65 
11 -11-65 
11-13-65 
11-16-65 
11-18-65 
11 -2 1-65 
11-24-65 
11-25-65 
11-29-65 
12-2-65 
12-4-65 
12-7-65 
12-10-65 
12-12-65 
12 -15-65 
12-18-65 
12  -20-65 
12 -25-65 
12-28-65 
12  -30 -65 
1-2-66 
1-4-66 
1-7-66 
Time 
0705 
0815 
1130 
1710 
1930 
1405 
1830 
1222 
1130 
1515 
2105 
2240 
2250 
0355 
0535 
1315 
0915 
0720 
1345 
0628 
1538 
2130 
1330 
0150 
2245 
0645 
0145 
1820 
0410 
1400 
0825 
-
Base 
Pressure 
3.0 x 
2.8 x 
2.7 x 10 
2.6 x 
2.7 x 
2.7 x 
2.6 x 10 
2.5 x 10 
2.5 x 
2.5 x 
-8 2.6 x 10 
-8 2.4 x 10 
-8 2.6 x 10 
-8 2.4 x 10 
-8 
2.6 x 10 
2.5 x low8 
-8 
2.3 x 10 
-8 
2.5 x 10 
2.8 x lo-' 
2.5 x 
2.4 x 
2.5 x lo-' 
2.5 x 
2.5 x loe8 
-8 2.5 x 10 
-8 
2.5 x 10 
2.4 x lom8 
2.3  x 
2.3 x 10 
-8 
-8 
-8 
-8 
* 
Pressure, Torr 
Peak 
Pres sure 
1.5 x 
-6 
1.8 x 10 
5.0 x loe6 
-6 
1.5 x 10 
-6 1.5 x 10 
-7 9.0 x 10 
-6 1.5 x 10 
1.5 x 
1.3 x 
1.3 x 
1.3 x 10 
1.5 x 10 
1.5 x 10 
9.0 x 10 
1.5 x 10 
-6 
-6 
-6 
-7 
-6 
-6 
-6 
1.0 x 10 
1.8 x 10 
-6 
-6 
1.3 x 10 
1.5 x 10 
-6 
1.5 x 10 
1.3 x 
1.5 x 10 -6 
1.5 x 
-6 
-6 
1.5 x 10 
1.5 x 10 
-8 
-8 
2.3 x 10 
2.2 x 10 
-6 
-6 
1.5 x 10 
1.6 x 10 
-6 
-6 
1.5 x 10 
1.6 x 10 
-6 
1.5 x 10 
-6 
1.3 x 10 
* 
Pressure change indicated by getter-ion pump recorder. 
corrected to  value indicated by calibrated nude ion gauge on the chamber. 
Base pressure 
-9- 
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TABLE 11. TEST CHAMBER PRESSURE AND THE "EmM'KlRE OF THE WI"EST 
PRO?DTYPE CORROSION II)(IP COMPONENTS DURING THE TEST 
SHUTDOWN PERIOD ON JANUARY 8 ,  1966 
K Loop- 
(2) Next Hi hest Pressure Max. Temp. (') Max. Temp. 
N a  Loop- K Loop- 
Time Torr OF OF Temp. (3f OF -
0758 2 . 1  x 10 2135 2000 1975 
-8 
0800 7 . 0  x 2135 2000 1975 
0805 2 .0  x 10 2135 2000 1975 -7 
0810 5.0 2135 2000 1975 
0815(4) 1.0 x 2135 2000 1975 
0820 5.0 1650 1655 1600 
0825 4.0 1600 1490 1375 
0830 4.0 1550 1350 1230 
0845 4.5 1330 1300 1100 
0900 7 . 0  x 10 1190 1100 850 -5 
0900 
1400 
t o  Pressure held i n  torr range u n t i l  loop cooled t o  less than 300°F, 
Heater ex i t .  
(2) Boiler ou t l e t ,  
(3) Turbine simulator (Stage No. 1) o u t l e t ,  
(4)  Loop heaters and EM pumps turned  o f f ,  
-m- 
IV. FUTURE PLANS 
A. 
on o r  about January 20, 1966. 
The Prototype Corrosion Loop w i l l  be restored t o  the operating conditions 
B. Preparation of top ica l  reports covering the various portions of the 
program which have been completed w i l l  continue. 
-11- 
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v. APPENDIX 
- .  A. STRESS-CORROSION CRACKING OF VACUUM CXAMEBR _- COOLING CHANNEL 
1, Descript ion of Vacuum Chamber. The f a i l u r e  which w i l l  be descr ibed 
i n  t h i s  appendix occurred i n  a w a t e r  cool ing channel of the  4 '  x 11' vacuum 
chamber which is being used i n  a 5,000-hour test t o  eva lua te  t h e  compa t ib i l i t y  
of t h e  r e f r a c t o r y  a l l o y s ,  Cb-1Zr and Mo-TZM, wi th  the alkali metals, sodium 
and potassium. The vacuum chamber which is constructed of Type 304L SS, is 
shown i n  Figure 2. Heat rad ia ted  from t h e  Prototype Corrosion Loop t o  the 
chamber w a l l  is  removed by water flowing through water channels loca ted  on 
t h e  chamber w a l l s .  
2. T e s t  Shutdown Caused by Fa i lu re  of Chamber Wall and Resul tan t  
Pressure  B i s e .  A t  approximately 0800 on January 8 ,  1966, t h e  test was shut- 
down af ter  3,809 hours of continuous opera t ion  because of a pressure  rise i n  
t h e  vacuum chamber. As shown i n  Figure 3, t h e  pressure  rose rap id ly  f r o m  the 
normal l e v e l  of 2 .1  x 10 torr t o  approximately 1 x 10 tor r  i n  17 minutes. 
Since t h e  pressure  trace gave no ind ica t ion  of being an argon i n s t a b i l i t y ,  as 
first suspected, t he  t e s t  engineer  gave i n s t r u c t i o n s  t o  shutdown t h e  test. 
-8 -6 
Partial pressure  scans  taken  a f t e r  t h e  test  loop had been shutdown ind i -  
cated high concentrat ions of water vapor and subsequent l eak  checking estab- 
l i s h e d  t h a t  l eaks  were present  between t h e  water channel i n  t h e  spool p iece  
and the  vacuum s i d e  i n  add i t ion  t o  numerous l eaks  from t h e  water s i d e  of t h e  
cool ing  channel t o  t h e  air s ide .  
3. Descr ip t ion  of Spool Piece, Examinations and Evalua t ion  of t h e  
Cooling Channel Fa i lu re .  A sketch of t h e  spool  p i ece  is shown i n  Figure 4. 
The water channels on t h i s  component and t h e  d i r e c t i o n  of t h e  w a t e r  flow are 
indica ted .  A cross s e c t i o n  of a typ ica l  channel is  also i l l u s t r a t e d .  During 
t h e  leak  checking opera t ions  i t  became apparent  t h a t  a l a r g e  water-to-vacuum 
leak  w a s  p resent  i n  a region where the  t o p  cool ing channel of the spool crossed 
8 v e r t i c a l  weld i n  t h e  chamber w a l l .  The channel i n  this region w a s  cut away 
8s shown i n  Figure 5 and an attempt w a s  made to r e p a i r  a v i s i b l e  c rack  i n  t h e  
chamber w a l l  by welding. This only r e su l t ed  i n  t h e  opening up of a mult i tude  
PRECEDING PAGE BLANK NOT F I U E i i ,  
! - 13- 
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Figure 3.  Prototype Loop Vacuum Chamber Pressure During Period When the Yest 
was Shutdown Because of a Water-to-Vacuum Leak in the Top Cooling 
Channel of the Spool Piece. 
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I 
of  cracks i n  adjacent  por t ions  of the  chamber w a l l .  A t  t h i s  po in t  cor ros ion  
of some type was suspected and another  s e c t i o n  of  t o p  channel approximately 
10 inches long was removed f o r  add i t iona l  inspec t ion .  This area i s  shown i n  
Figure 6. Examination of t he  sec t ion  of removed channel ind ica ted  gross  
cracking of t h e  0.1-inch t h i c k  channel as shown i n  Figure 7. Figure 7(a) 
shows the  in s ide  sur face  of t h e  t o p  por t ion  of t h e  channel.  Numerous marks 
made by t h e  gr inder  used t o  remove the  channel are ev ident .  The complete 
des t ruc t ion  of t he  channel w a l l  i s  apparent i n  Figure 7(b) which i s  an 
enlarged view o f  a segment of t h e  channel fol lowing s l i g h t  bending. Visual  
inspec t ion  of t h e  chamber w a l l  proper a l s o  ind ica ted  a m u l t i t u d e  of c racks  
i n  t h e  upper portion of t h e  channel. Close examination of t h e  cutaway reg ions  
of t h e  chamber w a l l  shown i n  F i g u r e  5 and 6 revealed a t h i n  l i n e  of whi te  
depos i t  near  t he  mid-height of t h e  channel. A corresponding l i n e  w a s  found 
on the segment of channel which had been removed. A por t ion  of t h i s  channel 
w a s  bent so t ha t  equal  amounts of deformation were given t o  regions above and 
below t h e  deposi t  l i n e .  This  specimen i s  shown i n  Figure 8 .  The l i n e  of white  
depos i t s  and cracking observed i n  t h e  region above t h i s  l i n e  are shown i n  t h i s  
photograph. No cracks were de tec ted  i n  t h e  deformed segment of channel loca ted  
below t h e  deposi t  l i n e .  
Metallographic examination of  cross sections of t h e  channel from t h e  
lower, uncracked region and t h e  upper, cracked region are shown i n  Figure 9.  
(The hardness impressions shown are discussed later i n  t h i s  r epor t . )  Addi t iona l  
photomicrographs of t h e  cracked regions are shown i n  Figure 10 a t  h igher  magni- 
f i c a t i o n s .  The t ransgranular  na ture  of t h e  cracks are t y p i c a l  of s t ress -cor ro-  
s ion  cracking i n  a u s t e n i t i c  s t a i n l e s s  s teels  . (3)  
4. Additional T e s t  Resul t s .  In  an e f f o r t  t o  shed as much l i g h t  as 
poss ib l e  on t h e  condi t ions responsible  for the  water channel f a i l u r e  descr ibed 
above, a number of tests were conducted and these  resul ts  are descr ibed below. 
The results of analyses  performed on a sample of t he  vacuum chamber cool- 
ing  water a r e  given i n  Table 111. The ch lo r ide  concent ra t ion  i s  thought 00 be 
11 (3)  Phelps,  E. H., and Mears, €2. B . ,  The E f f e c t  of Composition and  S t ruc tu re  
of S t a i n l e s s  S t e e l  Upon Resis tance to  St ress -Corros ian  Cracking';, F i r s t  
In t e rna t iona l  Congress on Metallic Corrosion, London, Apr i l  1961, B u t t e r -  
worths (19621, p. 325. 
-- 
-19- 
.gure 7. Water Side of  t h e  Top Por t ion  of t h e  Upper Cooling Channel of t h e  Chamber 
Spool Piece.  
Sample Shown i n  (b) i s  Typical  of t h e  Region Shown i n  (a) A f t e r  S l i g h t  
Bending. 
Removal of t h e  Channel. 
Sec t ion  Shown w a s  Taken from A r e a  B-1 Ind ica ted  i n  Figure 4. 
Grinding Marks on t h e  Surface Shown i n  (a) Occurred During 
a) C66012125; b) C66011802 
-20- 
Figure 8. Appearance of Water Side of a Specimen Cut From t h e  Region of t h e  TOP 
Cooling Channel N e a .  t h e  Water-Line Deposit .  
was Bent t o  I l l u s t r a t e  B r i t t l e n e s s  of t h e  0.10-Inch Thick Channel 
Above t h e  Deposit Line.  (C66011803) 
Corner of t h e  Specimen 
Wat 
Side  
( a )  Wall of Top Port ion of Cooling Channel 50 x 
(Area B-1 i n  Figure 3). 
Air 
Side 
Wat ex 
Side 
r 
de 
(b) Wall of Lower Port ion of Cooling Channel 50 X 
(Area B-2 i n  Figure 3). 
Figure 9. Metallographic Sec t ions  of t he  Top Por t ion  ( a )  and Lower Por t ion  (b) of t h e  
Upper Water Cooling Channel of t h e  Chamber Spool Piece. 
Etchant:  l og  Oxal ic  Acid, lOOcc Water, E l e c t r o l y t i c  a )  B290118 
b) B290217, B290218 
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Figure 10. Photomicrographs of the Water Cooling Channel Wall at Two Magnifications. 
Note the Transgranular Nature of the Cracks Typical of Stress-Corrosion 
Cracking. 
Etchant: log Oxalic Acid, lOOcc Water, Electrolytic a) B290115, 250X 
b) B330112, 500X 
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TABLE 111. ANALYSIS OF WATER SAMPLE TAKEN FROM COOLING CHANNEL EXIT LINE 
Chemical Analysis,  ppm 
130 Total hardness a s  CaC03 
3 Calcium a s  CaCO 
54 
3 Magnesium as  CaCO 
76 
Carbonate a s  CaC03 0 
3 Bicarbonates a s  CaCO 
Chlorides a s  C1 
Chlorine a s  C12 
42 
26 
0 
* 
pH: 8 . 1 5  
Conductance: 350 x 10 mhos -6 
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t he  most s i g n i f i c a n t  aspect  of the a n a l y t i c a l  r e s u l t s  s ince  t h e  presence of 
ch lo r ides  and s t r e s s  a r e  normally the  e s s e n t i a l  elements required t o  produce 
s t ress -cor ros ion  cracking i n  s t a i n l e s s  s t e e l ( 4 )  . 
r epor t  i s  one of t he  most condensed and usefu l  sources of information on t h e  
problem of s t ress -cor ros ion  cracking and w i l l  be c i t ed  a number of t imes i n  
t h i s  s ec t ion ) .  Although the  ch lor ide  concentrat ion i s  no doubt an important 
f a c t o r  i n  m o s t  cases  of s t ress -cor ros ion  cracking, it should be pointed o u t  
t h a t  f o r  some f a i l u r e s ,  chlor ides  and stress were concluded t o  be t h e  most 
l i k e l y  cause of f a i l u r e  although s e n s i t i v e  chemical determinat ions d i d  not 
d i s c l o s e  t h e i r  presence 
(The referenced ASTM 
I 1  
(4111 
Several  add i t iona l  quotes from the  ASTM repor t  a r e  f e l t  to  be re levant  
I t  t o  t he  cracking of t he  cooling channel. I t  i s  abundantly c l e a r  from t h i s  
survey t h a t  no water  of whatever degree of p u r i t y  can be t ru s t ed  a s  long a s  
t h e r e  i s  a mechanism whereby dissolved s o l i d s  (ch lor ides)  can be concentrated.  
There a r e  numerous cases  (of s t ress -cor ros ion  cracking) involving only seve ra l  
ppm of ch lor ides .  In  the  majority of these  cases  concentrat ion has  occurred 
by thermal means (5)  11 
Regarding the  pH of the  water, the  ASTM reference reported inc iden t s  of 
s t ress -cor ros ion  cracking f o r  cases where t h e  pH’s var ied from values  of 2 
t o  14 .  
Samples of t he  upper cooling channel of t he  spool piece were analyzed t o  
determine the  carbon, hydrogen, nitrogen and oxygen concentrat ions of both 
the  cracked and the  adjacent  uncracked a r e a s  and these  r e s u l t s  a r e  given i n  
Table I V .  The carbon and s u l f u r  concentrat ions w e r e  found t o  be below t h e  
spec i f ied  maximum value(6) of 300 ppm. Spectrographic a n a l y s i s  confirmed t h a t  
the  channel ma te r i a l  was of the  18-8 non-stabil ized s t a i n l e s s  steel type which 
includes Type 304L SS. 
(4)  Report on Stress-Corrosion Cracking of Aus ten i t i c  Chromium-Nickel 
S t a i n l e s s  S t e e l ,  ASTM Special  Technical Publ ica t ion  No. 264, Published 
by American Society f o r  Testing Mater ia ls ,  March 1960, p. 6 .  
(5) Reference (41, p. 9. 
(6) ASTM Designation A240-63. 
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TABLE I V .  CHEMICAL ANALYSES OF SAMPLES OF TYPE 304L 
SS* FROM THE TOP COOLING CHANNEL OF 
THE VACUUM CHAMBER SPOOL PIECE 
Chemical Analysis,  ppm 
N S - 0 - - H - C - 
-- ** Cracked s a m p l e  260, 290 10 459 3 13 
Uncracked sample 210, 270 5 444 100 90 
* 
Type 304L SS was t h e  spec i f i ed  ma te r i a l  of cons t ruc t ion  and spec t ro-  
graphic  ana lys i s  of  samples of t h e  cracked channel ind ica ted  t h a t  t h e  
ma te r i a l  was t h i s  type of s t a i n l e s s  steel. 
** 
Cracked sur faces  s l i g h t l y  oxidized when heated dur ing  leak  checking 
operations.  This was probably respons ib le  f o r  t h e  high oxygen con- 
cent rat ion. 
-26 - 
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Hardness surveys were conducted on t h e  metal lographic  apecimens taken 
from t h e  cracked region,  B-1 i n  Figure 4, and t h e  uncrncked region, B-2, in 
Figure  4,  . me hrrerageitof t en  hardness impressions i n  the  cracked region 
yielded a DPK: value of 172. The average hardness value obtained i n  the  
uncracked specimen was DPH-151. 
* 
These hardness values may be compared with 
handbook(7) values  f o r  v p e  304 SS which ind ica ted  t h e  fol lowing hardnesaes 
i n  t h e  var ious  condi t ions:  annealed-DPH-125, 10% cold work-DPB-160, and 20% 
cold work-DPR-205. Thin comparison suggests  that both t h e  upper po r t ion  I 
I 
(B-1) and t h e  v e r t i c a l  portion (B-2) of t h e  channel had t h e  equ$valent of I 
approximately 10% cold work, which would be s u f f i c i e n t  to con t r ibu te  to 
s t ress -cor ros ion  cracking i f  t h e  o ther  condi t ions,  such as ch lo r ide  and 
d isso lved  ox;ygen i n  t h e  w a t e r ,  were also present .  Although t h e r e  was metallo- 
graphic  evidence of cold work i n  t h e  s t r u c t u r e  of t h e  channel i n  t h e  bends 
(DPH-200), t he  s t ructure  of t h e  specimens i n  t h e  f l a t  regions of t h e  channel 
(DPH-151-172) showed l i t t l e  evidence of cold work (see Figures  9 and 10). 
I 
I 
I n  an e f f o r t  t o  determine if st ress -cor ros ion  cracking had occurred i n  
t h e  o t h e r  cooling channels of the spool p iece  or  i n  t h e  channels of t h e  other 
s e c t i o n s  of t h e  vacuum chamber shown i n  Figure 2, a number of cuts  w e r e  made 
i n  selected loca t ions .  One of these  test panels  is shown i n  Figure 5 .  'ihree 
s i d e s  of t h e  test panel w e r e  cut and t h e  
7 5 * .  
p i t s  o r  s i g n i f i c a n t  amounts of corrosion products  w e r e  found. 
pane ls  were cut and bent at  loca t ion  C i n  Figure 4, and i n  t h e  top  cool ing 
channels of both t h e  sump and t h e  b e l l  jar s e c t i o n s  of t h e  vacuum chamber. 
In  a l l  cases t h e  channels w e r e  f r e e  of cracks and very s i m i l a r  i n  appearance 
t o  t h e  middle channel of t h e  spool piece descr ibed above. 
1t  f lap"  w a s  then bent out  approximately 
The inne r  surface w a s  then examined v i s u a l l y  f o r  cracks.  No cracks,  
Addi t iona l  test 
5 .  Discussion. Review of the f ind ings  of t h i s  i n v e s t i g a t i o n  i n d i c a t e s  
that s t ress -cor ros ion  cracking of the s t a i n l e s s  steel cool ing r?hnnnel was 
respons ib le  f o r  t h e  chamber f a i l u r e .  
* 
Diamond Pyramid Hardness, Load: 500 g. 
") Metals Haadbook, V o l .  1, 8 t h  Edi t ion,  1961, p. 544. 
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The c r i t i c a l  f a c t o r s  assoc ia ted  with most of the  s t r e s s -co r ros ion  f a i l u r e s  
(4) discussed i n  the ASTM repor t  , i . e . ,  f a b r i c a t i o n  and welding s t r e s s e s ,  
chlor ides ,  and dissolved oxygen, were present  i n  t h e  chamber cool ing channels. 
I t  seems most probable t h a t  the loca l ized  na tu re  of the  f a i l u r e  i n  t h e  top  ha l f  
of t he  upper channel of t he  spool piece w a s  caused by concentrat ion of ch lo r ides  
on the  walls i n  t h i s  region. The water- l ine depos i t  shown i n  Figures  5, 6, and 
8 ind ica t e s  t ha t  t h i s  channel w a s  only p a r t i a l l y  f i l l e d  by t h e  cool ing w a t e r .  
The p a r t i a l l y  f i l l e d  condi t ion i n  t h i s  channel i s  a t t r i b u t e d  to: a) ex tens ive  
blockage of t he  i n l e t  and o u t l e t  water flow i n  the  spool p iece  by the  accumula- 
t i o n  of corrosion products i n  the  water- l ine f i t t i n g s  as i l l u s t r a t e d  i n  Figure 
11, and b) the  loca t ion  of t h e  water o u t l e t  f i t t i n g  a t  t h e  mid-point of t h e  top  
channel. The locat ion of the  f i t t i n g  a t  t h i s  po in t  permitted t h e  channel t o  
d r a i n  t o  t h e  approximate loca t ion  of t he  water- l ine depos i t  with t h e  low flow 
condi t ion which resu l ted  from the  p a r t i a l  blockage of t h e  r e s t r i c t i o n s  i n  t h e  
i n l e t  and o u t l e t  f i t t i n g s .  
The o u t l e t  temperature of the  cooling water from the  cracked channel d i d  
not exceed 120°F during the  3,809 hours of continuous t e s t  loop opera t ion  which 
preceded the  f a i l u r e .  Although t h i s  would appear t o  be q u i t e  low f o r  evapora- 
t i o n  and concentration of ch lor ides ,  approximately 34% of t he  reported stress- 
corrosion f a i l u r e s  (*) occurred with systems operat ing between 100°F and 200°F. 
I t  w a s  a l s o  r e p o r t e d  t h a t  a s i g n i f i c a n t  number of cases of s t ress -cor ros ion  
cracking have occurred at or near  room temperature.  
I t  i s  of i n t e r e s t  t o  note t h a t  i n  the  reported inc iden t s  of s t ress -cor ros ion  
cracking (9) 
by f a b r i c a t i o n  and welding. S t r e s s e s  of both t y p e s  were present  i n  the  region 
of most extensive cracking of t he  cooling channel. The hardness d a t a  obtained 
65% of the  cases  involved components containing s t r e s s e s  introduced 
on the  cooling channel specimens indicated t h a t  stress induced by cold work w a s  
c e r t a i n l y  present .  
Reference 4, p. 11. 
Reference 4, p.  8. (9) 
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Figure 11. Cadmium-Plated S t e e l  F i t t i n g  Used t o  Connect Water In l e t  and Out le t  
Lines  t o  Spool P iece  Cooling Channel. 
P a r t i a l l y  Plugged with Corrosion Products.  
Both I n l e t  and Ou t l e t  F i t t i n g s  
(C66012124) 
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The phenomena responsible for the failure seems to be quite obvious at * 
this time. The cracked channel has been isolated from the other channels and 
will be pumped by a vacuum system independent of the main chamber pumping 
system. The repaired channel and the turbon?olecular pumping system which will 
be used to maintain the pressure in the "cracked" channel in the 
torr range is shown in Figure 12. 
- 
Modifications of the charnber cooling system are planned following comple- 
tion of the 5,000-hour test which will minimize the possibility of a re-occurrence 
of this problem. The modifications planned are listed below: 
a. The spool piece of the chamber in which the cracking of the cooling 
channels was observed will be rebuilt by the vendor using only the flanges 
from the cracked spool piece. 
b. The inlet and outlet fittings of the water cooling system on the spool 
piece will be located so as to assure that the channels are completely 
filled with water during test operation. 
c. Valves will be placed on the outlet side of each of the water cooling 
circuits 
d. Stainless steel fittings will be used to replace the cadmium plated steel 
quick disconnect fittings in the water cooling circuits, 
e. Full flow filters will be placed in each of the cooling circuits to 
prevent particulate material from entering the cooling circuits. 
f. Low flow switches, will be placed in each of the three parallel circuits 
in the chamber cooling system. Low flow in any one of the circuits will 
activate an alarm on the control panel. 
g .  The flow in each circuit will be measured every 100 hours to assure that 
low flow switches are operating properly and to detect any reduction in flow. 
In summary, the cracking observed in the stainless steel water cooling 
channel described above is attributed to operation with a partially filled water 
cooling channel and the modifications and procedures described will prevent a 
re-occurrence of this in the future. 
* 
The removed segments of the channel were replaced with new stainless sheet 
and the remaining cracks were sealed with epoxy resin recommended for vacuum 
applications, 
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Figure 12. Spool Piece and Sump Sect ion of t h e  Prototype Corrosion Loop Test 
Chamber Showing t h e  Evacuation Line and t h e  Turbomolecular 
Pumping System Used to  Pump Cracked Cooling Channel t o  a P res su re  
of 10'8 Torr. 
(C6603 1015) 
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